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IS PART-TIME EMPLOYMENT BENEFICIAL 
FOR FIRM PRODUCTIVITY?
ANNEMARIE KÜNN-NELEN, ANDRIES DE GRIP, AND DIDIER FOUARGE*
With this article, the authors are the first to analyze and explain the 
relationship between part-time employment and firm productivity. 
Using a unique data set on the Dutch pharmacy sector that includes 
the working hours of all employees and a “hard” physical measure of 
firm productivity, the authors estimate a production function in-
cluding heterogeneous employment shares based on working hours. 
The authors find that firms with a large part-time employment share 
are more productive than firms with a large share of full-time work-
ers: a 10% increase in the part-time share is associated with 4.8% 
higher productivity. Additional data on the timing of labor demand 
show that this can be explained by a different allocation of part-
timers compared with full-timers. This enables firms with large part-
time employment shares to allocate their labor force more efficiently 
across working days.
In many countries, the fraction of the workforce employed on a part-time basis is large, particularly among females. In the European Union, almost 
one-third of prime-aged women work part-time (Eurostat 2010), while in 
the United States about 27% of the workforce in non-agricultural sectors of 
industry has a part-time job (Bureau of Labor Statistics 2011). Both in Eu-
rope and the United States, these percentages are even larger in the service 
sector, which is the largest sector in terms of value added and employment. 
In Europe, 70% of the working population is employed in a service-sector 
job (OECD Stat Extracts 2010) compared with 80% of the working popula-
tion in the United States (Bureau of Labor Statistics 2011). Moreover, ana-
lysts expect that the service sector will add even more jobs in the future 
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(Woods 2009). Given this information, knowing how part-time employment 
is related to firm productivity in the service sector is highly relevant, not 
only for employers but also for policymakers.
From a theoretical point of view, whether part-time employment is posi-
tively or negatively related to firm productivity is not clear. On the one hand, 
human capital theory predicts part-time workers to be less productive than 
full-time workers because they face a lower return on their human capital 
investments. Research on the part-time pay penalty suggests that this is in-
deed the case (e.g., Aaronson and French 2004; Baffoe-Bonnie 2004). On 
the other hand, some studies on part-time labor demand suggest that part-
time employment might be beneficial at the firm level when, for example, 
operating hours exceed the full-time working week or when firms face fluc-
tuations in customer demand during the day or working week (e.g., Owen 
1978; Delsen 2006). The potential benefits of part-time employment will 
particularly be relevant for service sector firms.
In this article, we analyze and explain the relationship between part-time 
employment and firm productivity in service sector firms. For this purpose, 
we estimate a production function including heterogeneous employment 
shares (e.g., Hellerstein, Neumark, and Troske 1999; Ilmakunnas and Mali-
ranta 2005; Dearden, Reed, and Van Reenen 2006) based on employees’ 
working hours.
The empirical identification of the correlation between part-time em-
ployment and firm productivity requires at least three specific features of 
the data: 1) a homogeneous sector in terms of capital use and a homoge-
neous workforce in terms of the level of education, 2) information on the 
work hours of all employees in the firm, and 3) a “hard” physical or monetary 
measure of productivity.1 We use a unique matched employer–employee data 
set on Dutch pharmacies that fulfills all three requirements and that can be 
considered characteristic of service sector firms whose hours of business ex-
ceed the full-time workweek. Our analyses focus on the core workers in the 
sector (Osterman 1994, 2000), that is, pharmacy assistants, who account for 
70% of the sector’s total employment, measured in full-time equivalents 
(FTEs). Nearly all pharmacy assistants are females and share the same edu-
cational background (both in level and in field) required by law to be em-
ployed in their profession. Administrative data on the working hours of all 
employees in the sector enable us to construct firms’ part-time and full-time 
labor shares based on working hours. Moreover, the number of prescrip-
tion lines delivered to customers serves as a “hard” firm-level productivity 
measure.
Other studies dealing with the connection between part-time employ-
ment and firm productivity have merely included a dummy variable to 
indicate the existence or importance of part-time employment (Arvanitis 
1 Value added and other financial measures of productivity are highly volatile. Physical measures of 
productivity do not have this disadvantage because they capture productivity in a more straightforward 
manner (e.g., Ichniowski and Shaw 2003).
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2005) or were restricted to subjective productivity measures (Pérotin and 
Robinson 2000). Our data set enables us to more precisely estimate the rela-
tionship between part-time employment and firm productivity. Additional 
data on the timing of labor demand enable us to explain this relation by 
thoroughly examining possible allocation efficiencies provided by the use 
of part-time employment.
Related Literature
Although production function studies have included heterogeneous em-
ployment shares based on skill level, training participation, age, and/or 
gender (e.g., Ilmakunnas and Maliranta 2005; Zwick 2006; Iranzo, Schivardi, 
and Tosetti 2008), they implicitly assume that part-time and full-time work-
ers are equally productive in the hours they work. This premise is in sharp 
contrast to studies dealing with the effect of part-time employment on hourly 
wages. Most studies found that part-time workers earn less than full-time 
workers in the hours they work (e.g., Ermisch and Wright 1993; Aaronson 
and French 2004; Baffoe-Bonnie 2004). The assumption that wages reflect 
productivity suggests that part-timers are less productive than full-timers 
during the hours they work. Exceptions are Manning and Petrongolo 
(2008) and Hirsch (2005), who found that including information on skill 
requirements or occupations almost fully closes the gap between the hourly 
wages of part-time and full-time workers.
Apart from these individual productivity effects, part-time employment 
can also affect firm productivity at the establishment level. Literature on 
part-time labor demand suggests that large shares of part-time employment 
might lower firm productivity because of the relatively high quasi-fixed labor 
costs of part-time compared with full-time workers (e.g., Oi 1962; Owen 
1978; Montgomery 1988). At the same time, this stream of literature pro-
vides explanations for large shares of part-time employment to increase 
 allocation efficiencies. Several industry-specific characteristics lead to a rela-
tively high demand for part-time employment. John Owen (1978) argued 
that firms employ part-time labor to avoid hiring overlapping shifts of full-
time workers in industries for which operating hours exceed the full-time 
40-hour working week. Furthermore, Owen hypothesized that employers 
will use part-timers when fluctuations occur in customer demand. His re-
sults indeed show that the relative demand for part-time labor is higher in 
industries with an uneven distribution of temporal service demands than in 
other industries. Vincent Mabert and Michael Showalter (1990) also argued 
that the introduction of part-time employment implies efficiency gains in 
service sector firms that face fluctuations in customer demand because of 
the accompanying reduction in the number of hours during which workers 
are inactive due to lack of demand. These scenarios suggest allocation effi-
ciency by using part-time employment.
Research on the effect of part-time work on firm productivity is scarce, 
however, and is limited to the inclusion of a part-time dummy for the presence 
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or importance of part-time employment in firms.2 Spyros Arvanitis (2005) 
constructed a dummy variable to indicate whether part-time work is impor-
tant for the firm. He found a negative relation between the importance of 
part-time work and sales per FTE. Whereas Virginie Pérotin and Andrew 
Robinson (2000) included a variable measuring the fraction of part-time 
employment in their analyses, their data set was restricted to subjective pro-
ductivity measures. They did not find a significant relationship between the 
proportion of part-time employment and managers’ self-assessed labor pro-
ductivity.3
Empirical Approach
Our approach is inspired by three papers that modeled the productivity ef-
fects of different employment shares (Hellerstein et al. 1999; Ilmakunnas 
and Maliranta 2005; Dearden et al. 2006).4 The strategy assumes that differ-
ent types of employees are perfect substitutes but can have different mar-
ginal productivities. The sector under scrutiny, the Dutch pharmacy sector 
(see Data and Descriptive Statistics), employs a homogeneous core work-
force with respect to education and gender, which allows us to divide the 
workforce into three employment shares: part-time (PT) and full-time (FT) 
core workers and other employees (OE; e.g., administrative and cleaning 
staff). With the latter as our reference group, and its productivity normal-
ized to unity, the relative productivity of the part-time employment share 
equals pt, and the relative productivity of the full-time employment share 
equals ft. If the ’s are larger than unity, the relevant employment share is 
more productive than the reference group of other employees. The quality-
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Under the assumption that the values for ( pt – 1)PT/L and ( ft – 1)FT/L 
are “small,” we can simplify Equation 1 by the following approximation:5
2 One exception is a French study by Roux (2007) that examined the effect of part-time labor shares 
relative to full-time labor shares on firms’ value added. This study does not focus on a homogeneous 
workforce, however, which complicates identification of the part-time employment effect.
3 Whereas our study is the first to examine possible productivity differences between part-time and full-
time working hours, literature has been published on the productivity differences between standard and 
overtime hours. Most of these studies used data at the industry level (e.g., Feldstein 1967; Craine 1973). 
As criticized by Leslie and Wise (1980), interpreting these results is difficult since the coefficient for the 
average working week can reflect other differences between industries.
4 Dearden et al. (2006) allowed for productivity differentials by training participation, education, oc-
cupation, age, tenure, and gender. Ilmakunnas and Maliranta (2005) included employment shares based 
on age, level and field of education, and gender. Hellerstein et al. (1999) distinguished employment 
shares by gender, race, marital status, age, education, and occupation.
5 Following Dearden et al. (2006) and Ilmakunnas and Maliranta (2005), we make this assumption to 
simplify the estimation, which makes ordinary least squares (OLS) estimation possible. However, the as-
sumption can be relaxed without affecting our main findings. Following Hellerstein et al. (1999), we also 
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The part-time and full-time employment shares are thereby directly in-
cluded in a log-form production function. Using the quality-adjusted labor 
input (L*), we write the Cobb-Douglas production function as follows:6
(3) Y = AK L*
where output (Y ) is a function of capital K and quality-adjusted labor L*. 
Taking the logs of terms and using the approximation in Equation 2, we 
have
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We follow Ilmakunnas and Maliranta (2005) in allowing for deviations 
from constant returns to scale. When FTEs are used instead of the number 
of workers, L, the production function becomes
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where PTFTE and FTFTE denote the number of part-time and full-time FTEs 
per firm, respectively.
Contrary to the three studies mentioned above, our focus on one particu-
lar sector allows us to assume that the capital/labor ratio is homogeneous 
across firms.7 Therefore, the following production function is estimated:
(6) ln(Y) = + ln(FTEi) + ptpti + ftfti + εi
where pti and fti denote firms’ part-time and full-time employment shares as 
defined as PTFTE/FTE 
and FTFTE/FTE, respectively. Moreover,  is a constant 
term and includes ln(A) and '.  equals ( ' – ' –1) and pt and ft denote 
' 'pt – 1) and ' 'ft – 1), respectively. If pt and ft are larger than zero, re-
sults imply that firm productivity is larger when firms have large shares of 
(part-time or full-time) core employees instead of large shares of other em-
ployees. If pt is significantly larger than ft, firms with a large share of 
estimate a nonlinear least squares model. The results are similar, with the productivity differential be-
tween firms’ shares of part-time and full-time employment being statistically significant.
6 Since we assume capital use to be homogeneous across firms and workers, we have only one produc-
tion input, quality-adjusted labor, and cannot estimate a translog production function as Hellerstein et 
al. (1999) did.
7 Van Ours and Stoeldraijer (2011) also ignored capital in their Cobb-Douglas production function 
with quality-adjusted labor (based on age). In a sensitivity analysis they used depreciation on fixed assets 
as a proxy for capital and concluded that including or ignoring capital information does not affect the 
parameter estimates of production functions. This approach is in line with studies that found no or only 
small productivity effects of capital (e.g., Hellerstein et al. 1999; Dostie 2011).
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part-time workers will be, on average, more productive than firms with a 
large share of full-time workers. We do not interpret a significant difference 
between pt and ft as a marginal productivity difference between part-time 
and full-time workers because the coefficients could reflect allocation effi-
ciencies related to part-time employment. Instead, we interpret the differ-
ence pt – ft as an establishment-wide productivity shift due to the use of 
more part-time work within the firm.8 Such an establishment-wide produc-
tivity shift could reflect allocation efficiencies related to part-time work. 
With additional data on the scheduling of pharmacy assistants we analyze 
this possibility. In alternative specifications, the model also controls for 
worker, pharmacist, firm, and market characteristics.9
Data and Descriptive Statistics
We use a unique matched employer–employee data set of Dutch pharma-
cies that fulfills all requirements to identify the relation between part-time 
employment and firm productivity.10 This data set includes two sources of 
information for the year 2007: 1) employee administrative data and 2) an 
employer survey.11 The data sets are merged on the basis of a unique 
firm identifier. In January 2008, there were 1,893 registered pharmacies. 
For 1,829 of those pharmacies, an e-mail address was available, which we 
used to invite the pharmacist in charge of the firm to participate in a web-
based survey. Invitations were sent in January 2008, with follow-up remind-
ers in February and March 2008. Our final sample consists of 235 firms 
with valid information on key variables used in this study. Analyses related 
to the non-response show that our sample is selective with respect to a 
pharmacy’s geographical location and the average tenure of employees, 
but not with respect to the firm’s other characteristics.12 Therefore, we 
include regional dummies and the average tenure of core workers in all 
analyses.
8 The distinction in interpreting productivity functions either in terms of marginal productivity effects 
of two groups of workers, or in terms of an establishment-wide productivity shift due to employing one 
type of workers, is also common in the literature on union effects on productivity (e.g., Brown and 
Medoff 1978).
9 We perform several robustness checks to see how sensitive our results are to the model specifications. 
Moreover, we perform panel analyses with a small panel of 95 firms.
10 Dutch pharmacies are independent, for-profit firms that serve an average of about 8,000 clients 
(Dutch Foundation for Pharmaceutical Statistics [SFK] 2008).
11 This data set is provided by the pharmacy sector’s pension fund (PMA) and contains information on 
all employed workers within the sector. The data are from January 1, 2008, and refer to the year 2007. 
Also the survey questions pertain to the year 2007.
12 For 159 firms, the e-mail invitation was bounced back because the address was erroneous or the 
pharmacy owner had changed. In addition, 58 firms for which we had an e-mail address could not be 
matched to the administrative data on employees. So our non-response analyses could be performed on 
1,612 firms. Our sample is representative with respect to key variables in our analysis, namely, the num-
ber of prescription lines delivered in 2007 and the distribution of hours within firms. Our selectiv- 




Our dependent variable is firm productivity, which is measured in the em-
ployer survey by the number of prescription lines delivered to customers by a 
given firm in 2007.13 Every prescription line refers to a particular medicine 
that has been prescribed by a family doctor. In the Netherlands, this is the 
only possible way to obtain registered medicines. The number of prescrip-
tion lines and firm sales are closely related due to the fixed amount of 6.10 
Euros that pharmacies receive for each prescription line, and pharmacies 
have only a small market share in the sale of non-registered medicines.14 
The physical character of this productivity measure ensures a relatively 
“hard” measure of firm productivity (Ichniowski et al. 1996). Table 1 reports 
sample statistics of our employer–employee sample. On average, firms deliv-
ered 78,291 (exp(11.21)) prescription lines in 2007. This number is very 
similar to the average number of prescription lines of 78,000 over the 1,890 
pharmacies in 2007 as published by the Dutch Foundation for Pharmaceuti-
cal Statistics (SFK)(2008).15
Explanatory Variables
Our main variables of interest are firms’ heterogeneous employment shares 
in terms of FTEs. Therefore, we need to know the number of work hours of 
all the workers within all the firms. Information on contractual work hours 
for pharmacy assistants and other support staff is available in the administra-
tive data set. Information about the work hours of pharmacists is available 
from the employer survey. With these data, we can distinguish between 
firms’ shares of part-time core employees, full-time core employees, and 
other employees. We focus on the core workers, that is, pharmacy assistants,16 
because of their homogeneity with respect to several characteristics. Phar-
macy assistants all have the same educational background (in terms of both 
level and field) required by law. Moreover, the population of pharmacy as-
sistants is homogeneous with respect to gender, 99% being female. We com-
pute firms’ part-time and full-time (core) employment shares as follows: 
pti = PTFTE/FTE and fti = FTFTE/FTE.17
13 De Grip and Sieben (2005) used the same measure of productivity in their analyses on firm produc-
tivity in the pharmacy sector.
14 In the Netherlands, most non-registered medicines are bought in firms other than pharmacies: com-
mercial drugstores and supermarkets have a market share of 85% for non-registered medicines. Data 
accessed from IMS Health, http://www.hbd.nl/pages/15/Bestedingen-en-marktaandelen/Drogisteri 
jen/Zelfzorg-en-gezondheidsproducten-.html?subonderwerp_id=282 (June 2010).
15 SFK is an independent foundation that publishes key indicators for the pharmacy sector in the Neth-
erlands.
16 Osterman (1994, 2000) defined these core workers as the largest group of nonsupervisory, non-
managerial workers in a firm who are directly involved in making the product or providing the service. 
From a survey among pharmacy assistants, we know that pharmacy assistants spend a marginal fraction 
of their working time (10%) on tasks other than direct servicing of customers, e.g., administrative tasks.
17 Firms’ share of other employees is constructed the same way: oei = OEFTE/FTE.
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Given that the standard full-time workweek in the pharmacy sector is 36 
hours, we define part-time workers as pharmacy assistants with fewer than 
24 contractual working hours, that is, fewer than three working days. This 
definition differs from the definitions of part-time work usually used in the 
part-time employment literature. Although no standard is generally agreed 
upon, definitions ranging from 30 to 35 hours a week are most common 
(e.g., Connolly and Gregory 2008; Manning and Petrongolo 2008). Our 
definition, however, is well suited within our context. The Netherlands is 
known for its large share of part-time employment. Moreover, the pharmacy 
sector employs almost exclusively female pharmacy assistants with less than 
full-time work hours. Within the Netherlands as a whole, around 50% of all 
working women work fewer than 24 hours. In the pharmacy sector, 42% 
work fewer than 24 hours per week.18 Whereas working fewer than two days 
(16 hours) is uncommon in the sector (6%), working part-time is not. The 
largest group of core workers (36%) is employed between 16 and 24 hours 
per week. Workweeks of 24 to 32 hours (26%) and 32 to 36 hours (32%) per 
week are also quite common in the pharmacy sector. A total of 20% of all 
pharmacy assistants work exactly 36 hours per week. Nevertheless, we check 
18 The difference in the percentage of part-timers working is due to a larger percentage of Dutch 
women (compared with Dutch pharmacy assistants) working in jobs with fewer than 16 hours a week 
(own computations based on data from Dutch Labor Supply Panel 2006).





 Number of prescription lines (log) 11.21 0.38 8.89 11.98
Explanatory variables
 Firms’ part-time employment share (in FTEs)* 0.19 0.11 0 0.51
 Firms’ full-time employment share (in FTEs)* 0.50 0.15 0.08 1.00
Control variables 
 Firms’ total number of FTEs (log) 2.22 0.40 0.73 3.09
 Assistants’ average age in years 38.06 4.35 22.50 50.00
 Assistants’ average firm tenure in years 8.32 3.10 0.81 17.93
 Pharmacist tenure in years 15.86 8.49 0 39.00
 Independent pharmacy (yes/no) 0.42 0.49 0 1
 Number of hours open per week 49.88 12.28 6.00 168.00
 Firm size (0–5 FTE) 0.07 0.26 0 1
 Firm size (6–10 FTE) 0.51 0.51 0 1
 Firm size (11–15 FTE) 0.30 0.46 0 1
 Firm size (16–25 FTE) 0.12 0.32 0 1
 Excess labor (yes/no) 0.13 0.33 0 1
 Absentee ratio 0.04 0.04 0 0.30
 Newly founded firms 0.04 0.19 0 1
 Percentage of elderly within postal code area 0.22 0.07 0 0.60
 Number of competitors within a radius of 5 km 9.65 12.26 0 77.00
Notes: * concerns pharmacy assistants only. Sample statistics are based on the final sample (235 pharma-
cies).
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the robustness of our findings by using other definitions of part-time em-
ployment and by dividing the core workers into more employment shares.
Table 1 reports the average sizes of firms’ employment shares and shows 
that firms’ part-time employment share is, on average, equal to 0.19, and 
their full-time employment share is, on average, equal to 0.50.19 This large 
difference between firms’ part-time and full-time employment shares is be-
cause both shares are measured in FTEs. Together, core workers account for 
almost 70% of a given firms’ total employment. Apart from these core work-
ers, pharmacies employ pharmacists and other support staff. Most impor-
tant among the latter are assistants’ support staff and student pharmacy 
assistants. Assistants’ support staff help pharmacy assistants in activities re-
lated to the production process. Student pharmacy assistants are involved in 
a dual training track combining work and classroom education.20
Control Variables
Since firm productivity can also be influenced by worker, pharmacist, firm, 
and market characteristics, we control for such confounders. We include 
the total number of firms’ employees, in FTEs, to take into account devia-
tions from constant returns to scale. On average, firms’ total number of 
FTEs equals 9.9.21 Regarding worker characteristics, we include the average 
age and tenure of the core workers, which is available from the administra-
tive data covering all employees. Table 1 shows that assistants are on average 
38 years old and have a firm tenure of slightly more than 8 years.22 We in-
clude the pharmacist’s tenure to control for productivity differences due to 
employers. On average, pharmacists have a tenure of almost 16 years. The 
firm characteristics we include in our analyses are pharmacy type (indepen-
dent or part of a larger group), a dummy variable for firms that settled in 
the last two years (newly founded firm), number of opening hours, size 
dummies based on firms’ FTEs, and variables related to possible inefficien-
cies in the firm’s allocation of labor: a dummy variable equal to 1 when em-
ployers report excess labor, and 0 otherwise, and a variable measuring 
absenteeism due to sickness leave from the fraction of workers calling in 
sick during the last calendar year. Moreover, two standardized factors re-
lated to management styles are included. One factor can be characterized as 
the degree of availability of several human resource schemes (e.g., life-
course savings scheme, child care schemes), and the other as the extent to 
which human resource development practices are used in the firm (e.g., 
performance interviews, personal development plan).
19 As the analysis in Appendix A shows, the vast majority of firm characteristics are unrelated to firms’ 
share of part-time employment.
20 Because of the involvement of all employment types in the primary production process, all employ-
ees in the sector are substitutes.
21 Table 1 reports the logarithmic form because we use the log form in the analyses as well.
22 Since the majority of assistants are female and career breaks are common, we include both age and 
tenure in the analyses. Since the correlation between age and tenure is 35%, including both variables will 
not cause any problems in the estimations.
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These variables are constructed from the employer survey. Table 1 shows 
that 42% of pharmacies are characterized as independent firms. The rest 
cooperate with other pharmacies, either in terms of chains or franchises or 
as part of legalized partnerships.23 A total of 4% of the firms are newly 
founded. On average, pharmacies are open for around 50 hours a week, 
while the full-time working week for pharmacy assistants equals 36 hours. 
Firms with at most 5 FTEs are not so common (7%). About half of the firms 
employ between 6 and10 FTEs. A total of 13% of the firms report excess 
labor. The average annual absentee rate is 4%.
Finally, we account for two market characteristics that can affect produc-
tivity across firms and regions: the demand for medicines in the neighbor-
hood where the pharmacy is located and the degree of local competition. 
We proxy the demand for medicines by the percentage of elderly (60+ years 
old) living within the pharmacy’s postal code (four digits) area. Table 1 
shows that, on average, the percentage of elderly within a postal code equals 
22%.24 The degree of competition is measured by the number of competi-
tors within a radius of 5 kilometers. This is calculated as the distances be-
tween all the pharmacies in the sample and all the other pharmacies located 
in the same region on the basis of postal codes.25 Table 1 shows that the 
number of competitors differs considerably across firms. Although, on aver-
age, firms have around 10 competitors, some have no competitors. The 
pharmacy facing the most competition has 77 competitors within a radius of 
5 kilometers.
Results
Part-Time Employment and Firm Productivity
Table 2 shows the estimation results of several specifications of our produc-
tion function. Column (1) takes into account only the scale effect and the 
two employment shares. The difference between the coefficients of firms’ 
shares of part-time and full-time employees ( pt – ft) 
equals 0.562 and is 
significant at the 1% level. The 0.56 log point difference in coefficients be-
tween firms’ part-time and full-time employment shares implies that a 10% 
increase in the part-time share (which is roughly one standard deviation) is 
associated with 5.6% higher productivity.26
Column (2) reports the regression results when including worker, phar-
macist, and firm characteristics. The main results remain the same; however, 
23 Nevertheless, pharmacies in the Netherlands are not located in supermarkets or drugstores but are 
stand-alone establishments (SFK 2008).
24 These data are from the online statistical database of Statistics Netherlands (CBS Statline).
25 We use a standard Dutch regional classification (COROP). The Netherlands counts 40 COROP re-
gions, and every COROP region has a central point (city) with a surrounding service area.
26 This productivity differential is close to the raw productivity difference between the quartiles of the 
part-time employment share (4.7%). See Figure W1 in Web Appendix B at https://sites.google.com/
site/annemariekuennnelen/web-appendix-ilrr.
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the productivity differential is slightly smaller when including control vari-
ables. The finding that firms with a large share of part-time employees are 
more productive than firms with a large share of full-time employees still 
holds at the 2% level. We do not report the control variables, since most of 
them are insignificant. One exception is the dummy variable for newly 
founded firms. We find that newly founded firms are significantly less pro-
ductive than older firms, which is in line with the literature on the impact of 
vintage on productivity (e.g., Jensen, McGuckin, and Stiroh 2001). More-
over, we find that firms with excess labor are less productive than firms with-
out such a surplus. The two standardized factors denoting management 
style are significantly related to productivity as well. This is in line with the 
findings from Bartel (2004) who found that human resource management 
policies in service-sector firms affect firm productivity.
The results given in Column (3) include a set of variables that indicate 
the demand and competition the pharmacy faces.27 Again, the finding that 
firms with a large share of part-time employment are more productive than 
firms with a large share of full-time employment is unaffected by the inclu-
sion of these market characteristics. The 0.48 log point difference shows 
that a 10% increase in the part-time share is associated with 4.8% higher 
productivity. Because of the inclusion of control variables this establishment-
wide effect of part-time employment has decreased slightly.
27 These controls are not significant either. We tried several alternative specifications for the measures 
for demand and competition, such as the number of inhabitants within a postal code area, the number 
of competitors within a radius of 10 kilometers, and the degree of urbanization. However, this did not 
change the estimation results.
Table 2. Estimation Results of Production Functions with Heterogeneous Labor 
Shares Based on Work Hours
Dependent variable: Productivity (logs) (1) (2) (3)
Total amount of labor in FTEs (logs) 0.738*** (0.044) 0.578*** (0.110) 0.586*** (0.110)
Firms’ employment shares (other employees are reference group)
 Firms’ part-time employment share in FTEs 0.947*** (0.182) 0.812*** (0.186) 0.875*** (0.194)
 Firms’ full-time employment share in FTEs 0.385*** (0.143) 0.415*** (0.142) 0.400*** (0.143)
Constant 9.175*** (0.157) 9.596*** (0.266) 9.553*** (0.276)
Worker, pharmacist and firm characteristics No Yes Yes
Market characteristics No No Yes
Adjusted R-squared 0.556 0.591 0.589
N 235 235 235
Model OLS OLS OLS
Wald Tests: PT share = FT share 13.05 5.81 7.06
Prob > F = 0.0004 0.0167 0.0085
Notes: Standard errors are in parentheses. Specification (1) includes region dummies. Specification (2) 
additionally includes assistants’ average age and tenure, pharmacist tenure, the firm’s number of open 
hours per week, two standardized factors related to management style, firm size dummies, the firm’s ab-
sentee ratio, and dummy variables to indicate independent firms, excess labor, and newly founded firms. 
Specification (3), moreover, includes market characteristics: the percentage of elderly living in the firm’s 
postal code area and the number of competitors within a radius of 5 km.
*p < 0.1, **p < 0.05, ***p < 0.01.
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Robustness Checks
We check the robustness of our findings to alternative model specifica-
tions.28 First, we check the robustness of our results by using different 
thresholds for part-time employment, and by distinguishing core workers 
within firms in low, medium, and long part-time jobs and full-time jobs. 
When part-time employment is defined as a workweek of less than 21 hours, 
the coefficient of the part-time employment share is significantly higher 
than that of the full-time employment share. This also holds when part-time 
employment is defined as a workweek shorter than 22, 23, or 24 hours. For 
other definitions of part-time employment h = [16, ..., 20] or h = [25, ..., 33], 
we find no significant difference between the coefficient on firms’ share of 
part-time and full-time employment.29 In addition, we define the four 
groups of core workers within firms as follows: Employees in low part-time 
jobs work fewer than 16 hours per week, employees in medium-sized part-
time jobs work between 16 and 24 hours per week, employees in long part-
time jobs work 24 hours or more per week but fewer than 32 hours, and 
employees working 32 hours per week or more (i.e., 0.9 to 1.0 FTE) are de-
fined as full-time workers. We compute the employment shares for these 
four groups of core workers and use, as previously, other employees as the 
reference group. Except for including two extra shares of employees, the 
estimation strategy remains the same. We find that the coefficient on the 
share of firms’ medium-sized part-time employment (16–24 hours per week) 
is the largest, and significantly larger than the coefficient on the share of 
firms’ full-time employment and of the share of firm’s long part-time em-
ployment.
Second, we perform reduced-form analyses in which the dependent vari-
able is equal to the number of prescription lines delivered to customers di-
vided by the total number of FTEs in the firm. Instead of including 
employment shares, we first include firms’ share of part-time core workers 
over total core workers measured in FTEs (FTEPT/(FTEPT + FTEFT)). This 
fraction is positively related to firm productivity. We also perform an analysis 
in which the firm’s part-time employment share is measured in L: the num-
ber of part-time core workers divided by the total number of core workers 
(LPT/(LPT + LFT)). Again, the fraction of part-time core workers is positively 
related to firm productivity, after controlling for the usual confounders.
Third, by performing panel analyses on a subsample of our original sam-
ple, we try to deal with firm unobserved heterogeneity. For 95 firms, we have 
data not only from 2007 but also information on productivity levels and/ 
or employment shares from two years earlier. Therefore, we estimate a 
28 Regression results with respect to the robustness analyses can be found in Web Appendix C at 
https://sites.google.com/site/annemariekuennnelen/web-appendix-ilrr.
29 Because of the large variability of part-time hours within pharmacies (the average difference in 
minimum and maximum part-time hours within firms is 6.2 hours), the part-time shares within firms are 
what has changed in this robustness check. We do not see that firms shift from a mainly part-time to a 
mainly full-time classification by changing the definition of part-time employment.
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fixed-effects model, a random effects model, a pooled OLS model, and we 
estimate a model solely on 2005 data. Finally, we instrument firms’ employ-
ment shares in 2007, by their shares in 2005. Although we are aware of po-
tential problems with some of these models, estimating them should give us 
an idea on the consistency of our main findings. All these models show a 
larger coefficient on firms’ part-time employment share than on firms’ full-
time employment share. The differences are estimated in the range of 0.29 
to 0.60, meaning that a firm with a 10% larger part-time employment share 
has a 2.9 to 6.0% larger productivity. Except for the fixed-effects model, the 
estimated differences in these models are statistically significant. The esti-
mated difference in the main model without worker, firm, and market char-
acteristics fits in this range. We are still careful in interpreting our results in 
a causal way, but these additional analyses suggest that our findings are likely 
to hold in a larger panel of firms as well.
Our robustness analyses show that firms with a large part-time employ-
ment share are more productive than firms with a large full-time employ-
ment share. This appears to be attributable to the fraction of part-time 
employees working between 16 and 24 hours per week, suggesting that 
these part-time workers are allocated most efficiently.
Why Is Part-time Employment Beneficial for Firm Productivity?
Our finding that firms with a large share of part-time employment are more 
productive than firms with a large share of full-time employment could be 
due to allocation efficiencies offered by part-time employment. If this is 
true, part-time workers do not have to be more productive than full-time 
workers in the hours they work for the use of part-time work to increase pro-
ductivity at the firm level.30 Especially in service-sector firms, part-time em-
ployment can, for example, be used to bridge the gap between hours the 
business is open and contractual working hours. Such a gap is also observed 
in our data. On average, firms are open around 50 hours a week whereas 
the full-time working week counts 36 hours (see Table 1). This illustrates the 
potential for allocation efficiencies related to (medium-sized) part-time em-
ployment over the workweek. A second way in which part-time employees 
can provide allocation efficiencies is by bridging the lunch breaks of their 
full-time colleagues so that firms can be open during the whole day without 
having to close during lunchtimes. A third argument for the beneficial al-
location effects of part-time employment is the ability to accommodate fluc-
tuations in customer demand. Part-time employment enables firms to 
cushion peak hours by deploying more workers during that time than dur-
ing hours when the pharmacy is open but has lower customer demand.
30 We do not find evidence suggesting that part-time workers are more productive than full-time work-
ers at the individual level. We find that training participation rates and gross wages among part-time and 
full-time core workers are similar, but part-timers actually report significantly lower self-rated compe-
tence and performance levels than full-timers. See Appendix B.
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To gain more insight into the allocation efficiency of part-time employ-
ment, we use additional data on the timing of labor demand within the 
Dutch pharmacy sector. These data are provided by the administrator of a 
scheduling program that is used by almost half of all Dutch pharmacies.31 
Therefore, we know the work schedules of all the employees of 900 pharma-
cies in January 2010. From this data set, we construct for each week the 
firms’ number of core employees working and the fraction of part-time core 
workers in each half-hour time slot. Based on this information, we examine 
possible weekly and daily allocation efficiencies. The data show that part-
timers work on average fewer hours per day as well as fewer days per week 
than full-timers. This already shows that part-time workers are allocated dif-
ferently from full-time employees, which might benefit the allocation of 
labor in the firm both within days and within weeks.
Figure 1 shows the allocation of total labor and part-time employment 
over the days of the week. Total labor is measured by the number of half-
hour time slots worked by all employees per day. We sum the number of 
half-hour time slots of all employees working in the firm on that day. The 
share of part-time employment is computed by the number of all time slots 
worked by part-time employees divided by the total number of time slots 
worked by all employees.
As shown in Figure 1, we find only small fluctuations in the total amount 
of labor deployed across days.32 This suggests that customer demand is quite 
stable across days. We find more fluctuations in the share of part-time em-
ployment. Especially on Wednesdays and Fridays, the share of part-time em-
ployment is smaller than on other days; however, this seems to be supply 
driven, since children below age 12 do not have classes on Wednesday after-
noon and, additionally, children below age 7 do not have classes on Friday 
afternoon. Altogether, allocation efficiencies due to part-time employment 
over the workweek seem to come from the discrepancy between the full-
time workweek and the number of open hours, and not from fluctuations in 
customer demand within workweeks.
Figure 2 shows the allocation of workers over a typical working day—
Tuesday.33 The figure shows the average number of core employees and the 
fraction of part-time core employees. To see whether part-time employees 
31 This scheduling program is freely available online to Dutch pharmacies. It allows them to plan the 
work time of their employees and contains details on the positions of employees, their contractual work-
ing hours, and the time slots they are scheduled to work. Unfortunately, this data cannot be matched to 
the data we use for our productivity analysis.
32 Only on Saturdays is there a clear drop in total labor deployed due to a large number of firms that 
are closed that day: in 2010, only 38% of Dutch pharmacies are open on Saturdays, for a little more than 
5 hours, mostly in the morning (ECORYS 2010). In the Netherlands, some pharmacies are open only 
during evening hours and over the weekends; these “night pharmacies” are not included in the sample. 
Moreover, regular pharmacies within a town or district often share schedules for rotating shifts on Satur-
days, as weekend shifts are unprofitable (SFK 2008).
33 In Figure W3 in Web Appendix D (https://sites.google.com/site/annemariekuennnelen/web 
-appendix-ilrr), we include all days of the week (Monday through Saturday). The figures from Monday 
to Friday look very similar.
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are used to bridge the lunch breaks of full-time workers, we distinguish be-
tween firms that deploy no core employees during lunchtime and firms that 
do deploy core employees during lunchtime.34
To the extent that total labor inputs reflect customer demand, we do not 
observe much fluctuation during the day in this sector. The only exception 
is a daily low point during lunchtime (between 12:00 p.m. and 1:30 p.m.), 
which is more likely to reflect the necessity of a lunch break for full-timers 
than a low point in customer demand. Figure 2 shows that for all time slots, 
the fraction of part-time employees is larger in firms at which core employ-
ees are deployed at some time between 12:00 p.m. and 1:30 p.m. This im-
plies that firms that do not have to bridge lunch breaks of their full-time 
colleagues deploy on average less part-timers. Firms deploying at least one 
core employee during lunchtimes, deploy more part-time workers in gen-
eral, and they schedule part-time workers in such a way that they are work-
ing during lunchtime. This can be seen in the figure because for these firms 
(the “no lunch break” firms), the fraction of part-time employees is largest 
34 The distinction between these two groups of firms is likely to reflect that some firms close for some 
time during lunchtimes while other firms remain open during lunchtimes. However, as we do not have 
information on hours of operation in this data set, we cannot be entirely sure about this.
Figure 1. Allocation of Part-Timers over the Week
Notes: Total labor is measured in half-hour time slots. The share of part-time employment is defined as 
the number of part-time core employees over the number of core employees. We averaged all weeks 
within January 2010. Only 38% of the pharmacies in the sample are open on Saturday.
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during lunchtime. This observation suggests that part-time workers are 
scheduled in a way that creates allocation efficiencies.35
We conclude that the allocation of part-time workers is quite different 
from the allocation of full-time workers. Part-timers work fewer hours per 
working day, as well as fewer days per week than do full-timers. In particular, 
they seem to bridge the lunch breaks of their full-time colleagues. More-
over, part-time employment can be used to fill the gap between the number 
of open hours and the full-time workweek existing in this sector, as well as in 
other service-sector firms. Deploying a large fraction of part-time employees 
therefore seems to increase allocation efficiency over both the workday and 
the workweek, which contributes to greater firm productivity.
Conclusion
With this article, we are the first to analyze and explain the relationship be-
tween part-time employment and firm productivity. Our unique data set al-
lows analyses of heterogeneous labor shares based on employees’ working 
35 The data on the timing of labor demand do not include information on whether firms deploy core 
employees during lunchtime. Therefore, we cannot estimate the productivity model separately for these 
two groups of firms.
Figure 2. Timing of Labor Demand on a Typical Workday
Notes: This figure is based on Tuesday (averaged over all Tuesdays in January). The “No lunch break” 
sample consists of firms that employ at least one core employee between 12:00 p.m. and 1:30 p.m. In the 
“Lunch break” sample this is not the case.
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hours on a hard measure of firm productivity. Using a production function 
with quality-adjusted labor, we divide the workforce of each given firm into 
part-time and full-time core workers and other employees. Our focus on a 
particular occupation that employs almost exclusively women justifies our 
part-time definition of working fewer than 24 hours a week. We find that 
firms with a 10% larger part-time employment share are 4.8% more produc-
tive.
Furthermore, we show that allocation efficiencies provide an explanation 
for this difference in firm productivity. Additional data on the timing of 
labor demand show that part-time employees are allocated differently from 
full-time employees. We find that the fraction of part-time workers is espe-
cially large during lunchtimes, suggesting that part-time workers enable 
their full-time working colleagues to take lunch breaks. Moreover, part-time 
employment is used to bridge the gap between the full-time workweek and 
the number of hours a firm is open. This suggests clear allocation efficien-
cies due to part-time work.
The service sector employs a large share of the labor force in both the 
United States and Europe. The sector seems to provide good conditions for 
exploiting the allocation efficiencies offered by part-time labor. In the retail 
sector, these conditions are hours of operation that exceed the full-time 
working week as well as open hours during lunchtime. In other service sec-
tors, such as restaurants and call centers, fluctuations in customer demand 
during the working day or working week could constitute such a condition. 
In both cases, allocation efficiencies of part-time employment can increase 
firm productivity. The finding that part-time employment is positively re-
lated to firm productivity in the service sector is not only relevant for em-
ployers in service sectors but also pertinent to policy debates on labor 
regulations and fiscal policies that either discourage part-time employment 
or encourage part-time jobs with social security rights equivalent to those 
for full-time jobs (e.g., Buddelmeyer, Mourre, and Ward 2008).
Appendix A
Relation between Firms’ Employment Shares and Control Variables
In Table A.1 we estimate firms’ part-time and full-time employment shares on the control 
variables used in our main analysis (Table 2) to check for potential correlations. The vast 
majority of firm characteristics are unrelated to firms’ share of part-time employment. How-
ever, firms’ part-time employment share turns out to be positively related to the average ten-
ure of the core workers and of the pharmacist. The fraction of full-time employment is posi-
tively related to a dummy variable indicating whether a firm is newly founded and negatively 
related to the tenure of the pharmacist.
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Average age (pharmacy assistants) –0.003*** (0.002) –0.004*** (0.002)
Average firm tenure in years (pharmacy assistants) –0.009*** (0.003) –0.002*** (0.004)
Tenure pharmacist –0.002*** (0.001) –0.003*** (0.001)
Independent pharmacy (yes/no) –0.014*** (0.015) –0.010*** (0.020)
Number of operation hours per week –0.0002** (0.001) –0.0004** (0.001)
Excess labor (yes/no) –0.004*** (0.022) –0.010*** (0.028)
Sickness leave (%) –0.275*** (0.197) –0.211*** (0.257)
Human resource schemes (standardized factor) –0.005*** (0.008) –0.001*** (0.011)
Human resource development practices (standardized factor) –0.002*** (0.008) –0.002*** (0.011)
Newly founded firm –0.076*** (0.042) –0.146*** (0.056)
East –0.018*** (0.025) –0.003*** (0.032)
Northwest –0.005*** (0.028) –0.001*** (0.036)
Midwest –0.011*** (0.024) –0.033*** (0.032)
Southwest –0.020*** (0.024) –0.053*** (0.031)
Southeast –0.040*** (0.029) –0.046*** (0.038)
Firm size (6–10 FTE) –0.033*** (0.032) –0.015*** (0.042)
Firm size (11–15 FTE) –0.044*** (0.033) –0.041*** (0.044)
Firm size (16–25 FTE) –0.068*** (0.038) –0.040*** (0.049)
Constant –0.025*** (0.074) –0.698*** (0.097)




We interpret our finding that firms with a 10% larger part-time employment share are 4.8% 
more productive, as an establishment-wide productivity shift due to the use of part-time work 
within firms. Nevertheless, it could be that part-time employment is reserved for the highest 
quality pharmacy assistants so that our results could be explained by a difference in worker 
quality between part-timers and full-timers.
By means of both the administrative data from the pension fund and the employee survey, 
we analyze whether a quality difference is apparent between part-time and full-time employ-
ees. Our measures for worker quality are 1) a standardized factor of 19 self-rated key compe-
tences (such as, communication skills, knowledge of medications, and problem-solving 
skills), 2) self-rated overall performance level (on a scale from 1 to 10), 3) gross wage (in 
full-time equivalents), and 4) whether the worker participated in training last year. All of 
these quality measures have their strengths and weaknesses, but together they should provide 
insight about whether part-time employment is reserved for the highest quality assistants. In 
Table B.1, we report four worker-quality regressions. In these analyses, we control for work-
ers’ age and tenure, and we include firm fixed effects.
We do not find any evidence suggesting that part-time workers are more productive than 
full-time workers at the individual level. Even though we find that training participation rates 
and gross wages among part-time and full-time core workers are similar, part-timers actually 
report significantly lower self-rated competences and overall performance levels than do full-
timers. The finding that part-timers and full-timers earn similar wages holds in most other 
Dutch occupations (e.g., Euwals and Hogerbrugge 2006).
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Part-time worker –0.077*** (0.029) –0.161*** (0.036) –0.003*** (0.004) –0.018*** (0.017)
Tenure –0.001*** (0.001) –0.004*** (0.001) –0.001*** (0.000) –0.000*** (0.000)
Tenure squared –0.000*** (0.000) –0.000*** (0.000) –0.000*** (0.000) –0.000*** (0.000)
Age –0.042*** (0.011) –0.016*** (0.013) –0.029*** (0.002) –0.006*** (0.006)
Age squared –0.001*** (0.000) –0.000*** (0.000) –0.000*** (0.000) –0.000*** (0.000)
Constant –0.471** (0.195) –7.409*** (0.245) –7.013*** (0.028) –0.694*** (0.113)
Model Firm FE Firm FE Firm FE Firm FE
Within R-squared 0.0274 0.0454 0.5535 0.0055
N 2,552 2,537 2,594 2,590
Notes: Standard errors are in parentheses. The table is based on firm fixed effects. The dependent variable 
competences is a standardized factor based on questions for which workers had to rate their competency in 
various skills on a scale from 0 to 10. The dependent variable performance is constructed from the ques-
tion, “On a scale from 1 to 10, how do you rate your performance?” Wages are provided by the pension 
fund based on a full-time workweek. Training participation denotes whether someone participated in at 
least one training last year. Whereas the first two measures are subjective measures, the last two measures 
are largely institutionally determined since in the Netherlands part-time workers are protected by the law 
of equal treatment.
*p < 0.1, **p < 0.05, ***p < 0.01.
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Pérotin, Virginie, and Andrew Robinson. 2000. Employee participation and equal opportu-
nities practices: Productivity effect and potential complementarities. British Journal of Indus-
trial Relations 38(4): 557–83.
Roux, Sébastien. 2007. Les gains de la flexibilité d’emploi pour les entreprises: Le travail à 
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